ATTACHMENT A 



SUBSTITUTE SPECIFICATION 

SEMICONDUCTOR POWER CONVERTING APPARATUS 

[0001] This application is a continuation of U.S. Application Serial No. 
10/099,950, filed March 19, 2002, the entire disclosure of which is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention generally relates to a semiconductor power 
converting apparatus with employment of semiconductor elements and the like. 
More specifically, the present invention is directed to a semiconductor power 
converting apparatus capable of suppressing an occurrence of an overvoltage 
while a switching operation is carried out. 

[0003] As disclosed in IPEC2000 S-17-3 "Development of IEGT series and 
Parallel Connection Technology for High Power Converters", each of the arms of 
a power converter is constituted by a series connection of MOS control 
semiconductor devices such as IGBTs (insulated-gate bipolar transistors), so 
that a MOS control semiconductor power converter for outputting a high AC 
voltage and a high DC voltage can be realized. Since the MOS control 
semiconductor elements which are series-connected to each other and 
constitute each of these arms are turned ON or OFF at the same time in 
response to a pulse signal controlled by either the PWM (pulse width 
modulation) control or the PAM (pulse-amplitude modulation) control, the DC 
voltage may be converted into the AC voltage and/or the AC voltage may be 
converted into the DC voltage. 

[0004] On the other hand, in another known technique, there are disclosed 

MOS control semiconductors series-connected to each other, which constitute 

the respective arms, that may be protected from overvoltages. The published 
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abstract of the Japanese Electric Society Industrial Application Department 
Meeting in 1999, vol. 2, entitled "Switching Test of Flat-pack IGBTs connected in 
Series", pp. 1 19-120 describes the following protection technique. That is, the 
avalanche element is connected between the gate and the collector of the IGBT 
and is brought into the conductive state when this avalanche element exceeds a 
predetermined voltage and thus avalanches. The voltage of the avalanche 
element is also increased in connection with the increase of the collector voltage 
the IGBT. When this voltage of the avalanche element exceeds the avalanche 
voltage of the avalanche element, the current is supplied from the collector of the 
IGBT to the gate thereof via this avalanche element, so that the gate voltage of 
the IGBT is increased and, correspondingly, the impedance of the IGBT is 
reduced. As a result, the collector voltage of the IGBT is suppressed in order 
that the IGBT can be protected from the element destruction (breakdown) due to 
an overvoltage. Also, this publication, entitled "Switching Test for Series- 
Connection of Planar IGBTs", in vol. 2 (1999) of the lecture on Japanese Electric 
Society Industrial Application Department discloses that the MOS control 
semiconductors can be protected in such a manner that the gate voltage is 
increased so as to increase the saturated current value. 

SUMMARY OF THE INVENTION 

[0005] However, in the above-described publication entitled "Switching Test 
for Series-Connection of Planar IGBTs" in the published abstract of Japanese 
Electric Society Industrial Application Department Meeting in 1999, vol. 2, in 
such a case that an overcurrent is supplied to an arm under an ON state, among 
the arms which constitute the MOS control semiconductor converter, the MOS 
control semiconductor having the lowest saturated current selected amongst the 
series-connected MOS control semiconductors (e.g., IGBTs) of that arm limits 
this overcurrent to the saturated current value of that IGBT. As a consequence, 
since the MOS control semiconductor having the lowest saturated current limits 
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the current, the impedance thereof is increased and the voltage sharing of this 
MOS control semiconductor is increased. Thus, the semiconductor element may 
be destroyed due to the application of the overvoltage. 

[0006] Further, in the above-described publication entitled "Switching Test for 
Series-Connection of Planar IGBTs" in the published abstract of Japanese 
Electric Society Industrial Application Department Meeting in 1999, vol. 2, an 
additionally expensive semiconductor element having a high-voltage 
withstanding avalanche voltage equivalent to that of such an IGBT to be 
protected is also required. 

[0007] The present invention has an object to provide a semiconductor power 
converting apparatus containing such a circuit capable of preventing an 
application of an overvoltage. That is, in order to protect MOS control 
semiconductor devices from the overvoltage, when an overcurrent flows through 
these MOS control semiconductor devices, this circuit can avoid such an 
operation that the overvoltage is applied to such an MOS control semiconductor 
having a minimum saturated current among the series-connected MOS control 
semiconductor devices, while such a semiconductor element having an 
avalanche voltage equal to the high withstand voltage is not employed. 
[0008] According to one aspect of a semiconductor power converting 
apparatus of the present invention, while a current is supplied to a gate of an 
IGBT from a gate driver of a MOS control semiconductor, a gate voltage of such 
an MOS control semiconductor which has reached a saturated current is 
increased to a voltage higher than a gate voltage obtained under steady ON 
state, and thus, the saturated current value of this MOS control semiconductor 
element is increased. 

[0009] In general, such a relationship as shown in Fig. 2 is established 
between a collector-to-emitter voltage (will be referred to as a "collector voltage" 
hereinafter) of an MOS control semiconductor such as an IGBT, and a collector 

current of this MOS control semiconductor. When the collector voltage is 
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increased at an arbitrary gate-to-emitter voltage (will be referred to as a "gate 
voltage" hereinafter), the collector current is also increased in connection with 
this operation. When this increased collector current reaches a certain current 
value, this collector current does not exceed this reached current value. This 
maximum current value is referred to as a "saturated current value." As shown 
by Fig. 2, when the gate voltage becomes increased, the larger the saturated 
current value also becomes increased. 

[0010] As shown in Fig. 3, MOS control semiconductors 11 to 14 such as 
IGBTs having different saturated current values from each other are series- 
connected to each other and the series-connected MOS control semiconductors 
are connected to a voltage source 21 . Also, it is assumed that saturated current 
values of the respective IGBTs (namely, saturated current value at gate voltages 
under steady ON states) are defined by IGBT 1 1 < IGBT 12 < IGBT 13 < IGBT 
14. In the case that all of the series-connected IGBTs are brought into ON 
states, a current may flow through this IGBT series-connection at a current 
increased rate which is determined based upon both a leakage impedance 23 of 
a wiring line and the voltage source 21. Generally speaking, since a gate 
voltage of an IGBT is controlled in such a manner that this gate voltage may 
become a certain gate voltage higher than a threshold value, the IGBT is 
transferred from an OFF state into an ON state. In this connection, "a certain 
gate voltage higher than a threshold value" will be referred to as a "steady ON 
gate voltage" hereinafter in this specification. 

[001 1] In the case that a current flowing through the IGBT series-connection 
indicated in Fig. 3 reaches the saturated current value during the steady ON gate 
voltage of the IGBT 1 1 having the lowest saturated current, this IGBT 1 1 , having 
the lowest saturated current, limits this current. As a consequence, since the 
IGBT 1 1 limits the current, the impedance thereof is increased. Since a voltage 
applied to a certain element is equal to a product between an impedance of this 
element and a current flowing through this element, the collector voltage of the 
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IGBT 1 1 is increased while the impedance is increased. 
[0012] However, when the collector voltage of the IGBT under ON state 
exceeds a previously set value, if the gate circuit functions such that when the 
collector voltage increases, the gate voltage of the IGBT also increases, then the 
gate voltage of the IGBT 1 1 becomes higher than the steady ON gate voltage in 
connection with an increase of the collector voltage of the IGBT 1 1 , so that the 
saturated current value of the IGBT 1 1 can be increased up to the saturated 
current value of the IGBT 12 at the steady ON gate voltage. It should be noted 
that the previously set value is set within a range defined from the steady OFF 
voltage and the withstanding voltage of the semiconductor element. When the 
saturated current value of the IGBT 1 1 reaches the saturated current value of the 
IGBT 12, both the IGBT 1 1 and the IGBT 12 may limit the current, so that the 
voltage sharing by the IGBT 1 1 can be reduced by 1/2. As a result, in the case 
that the voltage of the DC voltage source 21 is smaller than the summed value of 
the IGBT 1 1 and the IGBT 12, it is possible to avoid such an operation that the 
semiconductor elements are destroyed, or brought into the breakdown state due 
to the overvoltage applied to the IGBT. 

[0013] On the other hand, in such a case that the voltage of the DC voltage 
source 21 is higher than a total value of the element withstanding voltages of 
both the IGBT 1 1 and the IGBT 12, the collector voltages of both the IGBT 1 1 
and the IGBT 12 are further increased. In connection to this collector voltage 
increase, the gate voltages of both the IGBT 1 1 and the IGBT 12 are further 
increased, so that the saturated current values of the IGBT 1 1 and the IGBT 12 
can reach the saturated current value of the IGBT 13 at the steady ON gate 
voltage. When the saturated current values of both the IGBT 1 1 and the IGBT 
12 reach the saturated current of the IGBT 13, the voltage of the DC power 
source 21 can be shared by three sets of IGBTs, namely the IGBT 1 1 , the IGBT 
12, and the IGBT 13. As a result, if the voltage of the DC power source 21 is 
lower than the element withstanding voltages of the IGBT 1 1 , the IGBT 12, and 
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the IGBT 13, then it is possible to avoid the element breakdown caused by the 
application of the overvoltage. 

[0014] Also, in such a case that the voltage of the DC voltage source 21 is 
higher than a total value of the element withstanding voltages of the IGBT 1 1 , 
the IGBT 12, and the IGBT 13, the collector voltages of the IGBT 1 1 , the IGBT 

1 1 , and the IGBT 1 3 are further increased. In connection to this collector voltage 
increase, the gate voltages of the IGBT 1 1 , the IGBT 12, and the IGBT 13 are 
further increased, so that the saturated current values of the IGBT 1 1 , the IGBT 

12, and the IGBT 13 are reached to the saturated current value of the IGBT 14. 
When the saturated current values of the IGBT 11, IGBT 12, the IGBT 13 and 
the IGBT 14 are equal to each other, the voltage of the DC voltage source 21 
can be shared by four sets of the IGBTs, namely, the IGBT 1 1 , the IGBT 12, the 
IGBT 13, and the IGBT 14. 

[0015] On the other hand, since the series-connection of the IGBT 1 1 to the 
IGBT 14 may block the voltage of the voltage source 21 under OFF state, a total 
value of the element withstanding voltages of the series-connection constructed 
of the IGBT 1 1 to the IGBT 14 necessarily exceeds the voltage of the voltage 
source 21 . As a consequence, if the saturated currents of the IGBT 1 1 , the 
IGBT 12, the IGBT 13, and the IGBT 14 are equal to each other, then the voltage 
of the DC voltage source 21 can be shared by four sets of the IGBTs, namely, 
the IGBT 11, the IGBT 12, the IGBT 13, and the IGBT 14. Asa result, it is 
possible to prevent the semiconductor elements from being destroyed due to the 
application of the overvoltage. 

[0016] Other objects, features and advantages of the invention will become 
apparent from the following description of the embodiments of the invention 
taken in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Fig. 1 is a circuit diagram schematically showing a major unit of one 
arm of a power converter according to an embodiment 1 of the present invention. 
[0018] Fig. 2 is a graph for graphically indicating a characteristic of an IGBT 
employed in a semiconductor power converting apparatus of the present 
invention. 

[0019] Fig. 3 is an explanatory diagram for explaining a series-connection of 
MOS control semiconductors having different saturated currents from each 
other. 

[0020] Fig. 4 is a schematic diagram for indicating a major unit of a power 
converter to which the present invention is applied. 

[0021] Fig. 5 is a circuit diagram for indicating a major unit of one arm of a 
power converter according to the embodiment 1 of the present invention. 
[0022] Fig. 6 is a circuit diagram for representing another major unit of one 
arm of the power converter according to the embodiment 1 of the present 
invention. 

[0023] Fig. 7 is a circuit diagram for showing a major unit of one arm of a 
power converter according to an embodiment 2 of the present invention. 
[0024] Fig. 8 is a circuit diagram for indicating a major unit of one arm of a 
power converter according to an embodiment 3 of the present invention. 
[0025] Fig. 9 is a circuit diagram for showing a major unit of one arm of a 
power converter according to an embodiment 4 of the present invention. 
[0026] Fig. 10 is a circuit diagram for indicating a major unit of one arm of a 
power converter according to an embodiment 5 of the present invention. 
[0027] Fig. 1 1 is a circuit diagram for showing a major unit of one arm of a 
power converter according to an embodiment 6 of the present invention. 
[0028] Fig. 12 is a circuit diagram for indicating a major unit of one arm of a 
power converter according to an embodiment 7 of the present invention. 
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DETAILED DESCRIPTION OF THE EMBODIMENTS 
[0029] Referring now to drawings, various embodiments of the present 
invention will be described in detail. It should be understood that the same 
reference numerals will be employed as those for indicating the circuit elements 
having the same functions in the respective embodiments. It should also be 
noted that potentials appearing at the respective terminals of each of the IGBTs 
such as from an IGBT 11 to an IGBT 14, and also potentials within the 
respective gate circuits are defined in terms of an emitter potential which is used 
as a reference with respect to each of those IGBTs. In other words, it is so 
assumed that a collector potential of the IGBT 1 1 corresponds to a collector-to- 
emitter voltage of the IGBT 1 1 , whereas a collector potential of the IGBT 12 
corresponds to a collector-to-emitter voltage of the IGBT 12. It should also be 
noted that even when an IGBT is replaced by another MOS control 
semiconductor device such as an MOSFET, a similar effect to that of the below- 
mentioned embodiment may be achieved. 

EMBODIMENT 1 

[0030] An arrangement of a semiconductor power converting apparatus 
according to this embodiment 1 of the present invention will now be described 
with reference to Fig. 1 and Fig. 4. Fig. 4 schematically shows a major unit of 
the semiconductor power converting apparatus according to this embodiment 1 , 
and Fig. 1 schematically represents an arm 20 of the major unit shown in Fig. 4. 
In the power converting apparatus of Fig. 4, three sets of two series-connected 
arms 20 are connected in a parallel manner, and these arms 20 are connected 
to a DC voltage source 21 . Each of neutral points of the paired arms is 
connected to a load 22. 

[0031] A structure of an arm is given as follows: That is, in each arm, IGBTs 
are series-connected to each other, and a flywheel diode 2 is in an inverse- 
parallel connection with each of these series-connected IGBTs. Also, a gate 
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circuit 100 is connected to each of the IGBTs. While the present invention is not 
necessarily limited to a specific series-connection number of IGBTs, four sets of 
IGBTs (namely, IGBT 11, IGBT 12, IGBT 13, and IGBT 14) are series-connected 
to each other in the example of Fig. 1 . The gate circuit 100 is connected to a 
gate G and an emitter E of each of the IGBT 11, the IGBT 12, the IGBT 13, and 
the IGBT 14. Also, the diode 2 is in an inverse-parallel connection with each of 
the four IGBTs. 

[0032] The gate circuit 100 is formed by employing the below-mentioned 
circuit arrangement. A description will now be made by exemplifying such a gate 
circuit 100 connected to the IGBT 1 1 . While a voltage source 131 is connected 
to the emitter of the IGBT 1 1 , electric power required for driving a pulse 
generator 7 is supplied from this voltage source 131 to this pulse generator 7. 
[0033] As shown in Fig. 5, while the voltage source 131 is series-connected 
to another voltage source 132, and also a center point between these voltage 
sources 131 and 132 is connected to the emitter of the IGBT 11, the electric 
power required for driving the pulse generator 7 may be supplied from both the 
voltage source 131 and the voltage source 132. In this alternative case, a 
terminal of a high voltage side of the voltage source 131 is connected to a power 
supply line 13P, and a terminal of a low voltage side of the voltage source 132 is 
connected to another power supply line 13N. An output of the pulse generator 7 
is connected to one input 1 of a comparator 750. Another input 2 of the 
comparator 750 is connected to a voltage dividing point at which a collector-to- 
emitter voltage of the IGBT 1 1 is sub-divided by both a resistor 3 and a resistor 
4. This connection point of the input 2 of the comparator 750 need not be 
selected to the voltage dividing point, but may be connected to any point in 
which while the collector potential of this IGBT 1 1 is increased, the potential of 
this connection point may be increased. The comparator 750 compares 
potentials of these two inputs thereof to output a higher potential. The output of 

the comparator 750 is connected to the gate of this IGBT 1 1 , and the gate 
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potential of the IGBT 1 1 is controlled to the output potential of the comparator 
750. 

[0034] As shown in Fig. 6, such an amplifying circuit as a buffer circuit 650 
may be connected between the comparator 750 and the gate of the IGBT 11. In 
this alternative case, the output of the comparator 750 is connected to an input 
of the buffer circuit 650, and an output of this buffer circuit 650 is connected to 
the gate of the IGBT 1 1 . With the addition of the buffer circuit 650, the gate 
potential of the IGBT 1 1 may be controlled in a high speed. 
[0035] Next, operations of the power converting apparatus will now be 
explained. While electric power required for driving the pulse generator 7 is 
supplied from the voltage source 131, a pulse signal which is controlled byway 
of either the PWM control or the PAM control is outputted from the pulse 
generator 7. Normally, the pulse signal which is controlled by way of either the 
PWM control or the PAM control is transmitted from another upper-graded circuit 
(not shown) to the pulse generators 7 of the respective gate circuits 100 of the 
IGBT 1 1 through the IGBT 14, which are series-connected to each other. In 
response to the transmitted signals, the pulse generators 7 generate such pulse 
signals which are controlled by way of either the PWM control or the PAW 
control. The generated pulse signal is supplied via the comparator 750 to the 
gate of the IGBT 11 so as to turn ON, or OFF this IGBT 1 1 . In the present 
invention, such a potential obtained when the IGBT 1 1 is turned ON and then the 
gate potential thereof is brought into a steady state is defined as a steady ON- 
gate voltage. Since the IGBT 1 1 , the IGBT 12, the IGBT 13, and the IGBT 14 
are switched at the same time, the arm 20 is turned ON/OFF so as to produce 
an AC voltage, so that this AC voltage is applied to the load 22. Under normal 
condition, both an arm 20 (N) and another arm 20 (P) are alternately ON/OFF- 
controlled, and the paired arms are not turned ON at the same time. In other 
words, both the arm 20 (P) and the arm 20 (N) are not turned ON at the same 
time. Such a voltage produced by dividing the voltage of the DC voltage source 

10 



21 by a total series-connection number of the IGBTs employed in each of the 
arms corresponds to a steady voltage of an IGBT under OFF connection. This 
voltage will be referred to as "steady OFF voltage" thereinafter in this 
specification. 

[0036] In this case, an attention is paid to such a time instant when a drive 
signal to the arm 20 (P) is brought into an ON state and the arm 20 (N) is 
brought into an OFF state in the power converter of Fig. 4. When the arm 20 (P) 
is brought into the ON state, a current flows through such a path from the DC 
voltage source 21 to the arm 20 (P) and the inductance load 22. At this time, in 
the case that the arm 20 (N) is erroneously turned ON, or shortcircuited due to 
some reason, a current will flow through such a path defined from the DC 
voltage source 21 via the arm 20 (P) and the arm 20 (N) to the DC voltage 
source 21 . Since both the arm 20 (P) and the arm 20 (N) become low 
impedances at the same time, a large current may flow through this arm 20. 
[0037] Operations of the power converting apparatus will now be explained 
by exemplifying such a case that the arm 20 (N) is shortcircuited. In accordance 
with the present invention, when a value of a current is reached to a saturated 
current value of the IGBT 1 1 having the lowest saturated voltage, this IGBT 1 1 
limits this current and then a collector potential of this IGBT 1 1 is increased. 
Since the collector potential of the IGBT 1 1 is increased, the potential at the 
voltage dividing point 9 is increased. When the potential at the voltage dividing 
point 9 exceeds the potential of the pulse generator 7, the comparator 750 
outputs the potential of this voltage dividing point (or node) 9 so as to control the 
gate potential of the IGBT 1 1 to the gate potential of the voltage dividing point. 
Normally, both a resistance value of a voltage-dividing resistor 3 and a 
resistance value of a voltage-dividing resistor 4 are set in such a manner that 
when a collector potential of an IGBT exceeds the steady OFF voltage, a 
potential of the voltage dividing point 9 may exceed a potential of the pulse 
generator 7. 
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[0038] When a collector potential of the IGBT 1 1 exceeds the steady OFF 
voltage, the gate potential of the IGBT 1 1 is increased, so that the saturated 
current value of this IGBT 1 1 is increased. While the saturated current value is 
increased, such a current which passes through the arm 20 (P) is also 
increased. In the case that the current is increased and then is reached to a 
saturated current value of the IGBT 12 whose saturated current value is the 
second lowest current value, the IGBT 12 having the second lowest current 
value limits the current, so that the collector potential of this IGBT 12 is 
increased. Since the IGBT 12 also shares the voltage of the DC voltage source, 
the increase of the collector potential of the IGBT 1 1 is once relaxed. 
[0039] However, since both the IGBT 1 1 and the IGBT 12 limit the current, 
impedances thereof are increased, so that both the collector potential of the 
IGBT 1 1 and the collector potential of the IGBT 12 are increased. Since the 
collector potential of the IGBT 1 1 is further increased, the gate potential of this 
IGBT 1 1 is increased. Similar to both the operation of the gate circuit 100 
connected to the IGBT 1 1 and the operation of this IGBT 1 1 , since the collector 
potential of the IGBT 12 is increased, the gate potential of the IGBT 12 is also 
increased, and thus, both the saturated current values of the IGBT 1 1 and the 
IGBT 12 are increased. The saturated current values of both the IGBT 1 1 and 
the IGBT 12 are increased, and also, the current flowing through the arm 20 (P) 
is similarly increased. When this flowing current is reached to a saturated 
current value of the IGBT 13, the IGBT 13 subsequently limits the current, so 
that the corrector potential thereof is increased. 

[0040] On the other hand, the potential increases of both the IGBT 1 1 and the 
IGBT 12 are once relaxed. However, since the IGBT 11, the IGBT 12, and the 
IGBT 13 may commonly limit the current, the impedances thereof are increased, 
so that the collector potentials of the IGBT 1 1 , the IGBT 12, and the IGBT 13 are 
further increased. While the collector potentials are increased, the gate 
potentials of the IGBT 11, the IGBT 12, and the IGBT 13 are increased, and 
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then, the current is reached to a saturated current value of the IGBT 14. Since 
the voltage of the DC voltage source 21 can be shared by the four sets of IGBTs 
(namely, IGBT 11, IGBT 12, IGBT 13, and IGBT 14), the element destruction 
caused by the overvoltage can be prevented. As a result, such an effect of this 
embodiment 1 can be achieved. That is, even when the overcurrent may flow 
through the MOS control semiconductors, these MOS control semiconductors 
such as IGBTs can be protected from the overvoltage. 

EMBODIMENT 2 

[0041] As indicated in Fig. 7, a semiconductor power converting apparatus 
according to an embodiment 2 of the present invention is arranged such that the 
comparator 750 of the above-described embodiment 1 is constituted by 
connecting a pnp transistor 72 and an npn transistor 71 in a complementary 
manner, the npn transistor 71 is connected to a power supply line 13PP having a 
higher potential than that of the power supply line 13P for driving the pulse 
generator 7. 

[0042] A collector of the pnp transistor 72 is connected to the voltage dividing 
point 9, and a collector of the npn transistor 71 is connected to the power supply 
line 13PP. The pulse generator 7 is driven by both the voltage source 131 and 
the voltage source 132. When the IGBT is set to an ON state, the pulse 
generator 7 outputs the potential of the power supply line 13P, whereas when 
the IGBT is set to an OFF state, the pulse generator 7 outputs the potential of 
the power supply line 13N. The potential of the power supply line 13PP is higher 
than the potential of the power supply line 13P by such a voltage difference of 
the voltage source 133. 

[0043] While the IGBT 1 1 is exemplified, a description will now be made of 
operations in which when the collector potential of the IGBT is increased under 
the ON state of this IGBT, the gate potential is increased so as to increase the 
saturated current value. When the collector potential of the IGBT 1 1 is 
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increased, the potential of the voltage dividing point 9 is increased. Since the 
ON state of this IGBT is supposed, the pulse generator 7 outputs the potential of 
the power supply line 13P. The comparator 750 outputs the potential of the 
pulse generator 7, received via resistor 74, until the potential of the voltage 
dividing point 9 is reached to the output potential of the pulse generator 750, 
namely, reached to the potential of the power supply line 13P. When the 
potential of the voltage dividing point 9 becomes higher than the output potential 
of the pulse generator 7, a current will flow from the collector of the pnp 
transistor 72 to the base thereof, and thus, a base potential of the npn transistor 
71 becomes higher than a base potential of the pnp transistor 72, so that this 
npn transistor 71 is brought into the ON state. Since the potential of the power 
supply line 13PP to which the collector of the npn transistor 71 is connected is 
higher than a maximum output potential of the pulse generator 7, the potential of 
the emitter of the npn transistor 71, namely, the output potential of the 
comparator 750, can be increased. 

[0044] As a consequence, also in this embodiment 2, since the gate potential 
of the IGBT 1 1 can be increased higher than the gate voltage under the steady 
ON state and, also, the saturated current value of the IGBT can be increased 
similar to the embodiment 1 , the IGBT can be protected from the overvoltage in 
a manner similar to that of the embodiment 1 . It should also be noted that it is 
practically difficult to increase the gate potential of the IGBT 1 1 higher than a 
summed voltage of the voltage source 131 and the voltage source 1 32. As a 
consequence, the voltage of the voltage source 132 is set in such a manner that 
when the gate voltage of the IGBT 1 1 is equal to the summed voltage between 
the voltage source 131 and the voltage source 132, a saturated current value 
becomes higher than the saturated current value during the steady ON gate 
voltage of the IGBT 14. 
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EMBODIMENT 3 

[0045] In a semiconductor power converting apparatus of an embodiment 3 
according to the present invention, as indicated in Fig. 8, in which a buffer circuit 
650 is connected between the comparator 750 of the embodiment 3 and a gate 
of an IGBT, this buffer circuit 650 is arranged by connecting an npn transistor 61 
and a pnp transistor 62 in a complementary manner. The buffer circuit 650 
transmits a potential of the comparator 750 to the gate of the IGBT 11. As a 
consequence, similar to the above-described embodiment 1, since the gate 
potential of the IGBT 1 1 is increased to a level higher than the gate voltage of 
the steady ON state, in order to increase a saturated current value of the IGBT in 
this embodiment 3, this IGBT can be protected from the overvoltage in a similar 
manner to that of the above-described embodiment 1 . Since the buffer circuit 
amplifies a current used to charge the gate of the IGBT, the gate potential of the 
IGBT can be quickly controlled to become the potential of the voltage dividing 
point 9, and also the IGBT can be more firmly protected from the overvoltage. 



EMBODIMENT 4 

[0046] As indicated in Fig. 9, in a semiconductor power converting apparatus 
of an embodiment 4 according to the present invention, a diode 73 is in an 
inverse-parallel connection with the pnp transistor 72 of the embodiment 3. 
When a potential of the voltage dividing point 9 exceeds an output potential of 
the pulse generator 7, the output of the voltage dividing point 9 is outputted via 
the diode 73 to the output of the comparator 750, the output of the comparator 
750 can be quickly controlled to become the potential of the voltage dividing 
point 9. 

[0047] As a consequence, similar to the above-described embodiment 1 , 
since the gate potential of the IGBT 1 1 is increased to a level higher than the 
gate voltage of the steady ON, state in order to increase a saturated current 
value of the IGBT in this embodiment 4, shown in Fig. 9, this IGBT can be 
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protected from the overvoltage in a similar manner to that of the above-described 
embodiment 1 . In accordance with this embodiment 4, the output of the 
comparator 750 can be quickly controlled to become the potential of the voltage 
dividing point 9, and thus the IGBT can be more securely protected from the 
overvoltage. 

EMBODIMENT 5 

[0048] As indicated in Fig. 10, in a semiconductor power converting 
apparatus of an embodiment 5 according to the present invention, the input 1 of 
the comparator 750 is connected to the voltage dividing point 9, and also the 
input 2 of the comparator 750 is connected to the output of the pulse generator 
7, in comparison with the power converting apparatus of the embodiment 4 in 
which the input 1 of the comparator 750 is connected to the output of the pulse 
generator 7, and the input 2 of the comparator 750 is connected to the voltage 
dividing point 9 of the series connected resistors 3 and 4. Since the comparator 
750 outputs a higher potential selected from the potentials of the input 1 and the 
input 2, a similar effect to that of the embodiment 4 may be achieved. 

EMBODIMENT 6 

[0049] As indicated in Fig. 1 1 , a semiconductor power converting apparatus 
according to an embodiment 6 of the present invention is arranged in such a 
manner that while both the pnp transistor 72 and the npn transistor 71 are 
eliminated from the circuit arrangement of the comparator 750 of the 
embodiment 4, the npn transistor 61 is connected to the power supply line 13PP 
having the higher potential than that of the power supply line 13P which drives 
the pulse generator 7. 

[0050] The collector of the pnp transistor 62 is connected to the center point 
of series-connected voltage sources 131 and 132, the collector of IGBT 1 1 is 
connected to the dividing point 9 via resistor 3, and the collector of the npn 
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transistor 61 is connected to the power supply line 13PP having a higher 
potential than the output potential of the pulse generator 7, while both the pnp 
transistor 62 and the npn transistor 61 constitute the buffer circuit 650. The 
pulse generator 7 is driven by both the voltage source 131 and the voltage 
source 132. When an IGBT is set to an ON state, the pulse generator 7 outputs 
the potential of the power supply line 13P, whereas when the IGBT is set to an 
OFF state, the pulse generator 7 outputs the potential of the power supply line 
13N. The potential of the power supply line 13PP is higher than the potential of 
the power supply line 13P by such a voltage difference of the voltage source 
133. 

[0051] While the IGBT 1 1 is exemplified, a description will now be made of 
operations in which when the collector potential of the IGBT is increased under 
the ON state of this IGBT, the gate potential is increased so as to increase the 
saturated current value. When the collector potential of the IGBT 1 1 is 
increased, the potential of the voltage dividing point 9 is increased. Since the 
ON state of this IGBT is supposed, the pulse generator 7 outputs the potential of 
the power supply line 13P. The comparator 750 outputs the potential of the 
pulse generator 7 until the potential of the voltage dividing point 9 reaches the 
output potential of the pulse generator 750, namely, reached to the potential of 
the power supply line 13P, since an anode potential of a diode 73 is lower than a 
cathode potential thereof, and thus, this diode 73 becomes a high impedance. 
[0052] When a potential of the voltage dividing point 9 is increased to a level 
higher than the output potential of the pulse generator 7, the diode 73 becomes 
a low impedance, so that the output of the comparator 750 can output the 
potential of the voltage dividing point 9. Since the collector of the npn transistor 
61 is connected to the power supply line 13PP having the higher potential than 
the output potential of the pulse generator 7, the output potential of the pnp 
transistor 62 can be increased higher than a maximum output potential of the 
pulse generator 7, and also the gate potential of the IGBT 1 1 can be increased 
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higher than the steady ON gate voltage. 

[0053] As a consequence, also in this arrangement of the embodiment 6 
shown in Fig. 7, since the gate potential of the IGBT 1 1 is increased to a level 
higher than the gate voltage under the steady ON state and, also, the saturated 
current value of the IGBT is increased similar to the embodiment 4, the IGBT can 
be protected from the overvoltage in a manner similar to that of the embodiment 
4. 

EMBODIMENT 7 

[0054] As shown in Fig. 12, in a semiconductor power converting apparatus 
according to an embodiment 7 of the present invention, while both an output of 
the pulse generator 7 and a potential of the voltage dividing point 9 are inputted 
to an adder 850. This adder 850 controls a gate potential applied to an IGBT by 
adding the potential of the voltage dividing point 9 to the potential of the pulse 
generator 7. 

[0055] When the collector potential of the IGBT 1 1 is increased, the potential 
of the voltage dividing point 9 is increased. Since the gate of the IGBT 1 1 is 
controlled in accordance with a potential obtained by adding the output potential 
of the pulse generator 7 to the potential at the voltage dividing point 9, the gate 
potential of the IGBT is also increased, so that the saturated current value of the 
IGBT 1 1 can be increased. As a result, similar to the embodiment 1 , the IGBT 
can be protected from the overvoltage also in this embodiment 7. 
[0056] According to the above-described embodiments of the present 
invention, in order to protect the MOS control semiconductor devices from the 
overvoltage, when the overcurrent flows through the MOS control semiconductor 
devices, it is possible to avoid such an operation that the overvoltage is applied 
to such an MOS control semiconductor having the minimum saturated current 
among the series-connected MOS control semiconductor devices, while such a 
semiconductor element having an avalanche voltage equal to the high withstand 
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voltage is not employed. 

[0057] It should be further understood by those skilled in the art that the 
foregoing description has been made on embodiments of the invention and that 
various changes and modifications may be made in the invention without 
departing from the spirit of the invention and the scope of the appended claims. 
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